The behaviour of laboratory rats in their home cages was observed on both the mornings and the afternoons of days when cages were cleaned and compared to days when cages were not cleaned. Two different time sampling methods, 'instantaneous sampling' and 'one/zero sampling', were used and compared. In general the rats were more active in the mornings than in the afternoons. Activity, particularly locomotion and that associated with manipulation of the bedding was increased during both the mornings and the afternoons of cleaning days. Defaecation also increased on cleaning days whereas sitting decreased. The cleaning regime appeared to have a greater effect on behaviour than did time of day and the effect of cleaning lasted for several hours after the procedure had been completed. The implications for experimental design are discussed.
The behaviour of laboratory rodents is commonly analysed in a wide variety of scientific studies ranging from ethological observations on the nature and sequence of different behaviour patterns to experimental investigations that involve some manipulation of the animal or its environment (Blackman 1987) . These experimental studies include investigations of, for example, motivation, the effects of drugs or particular treatments and the responses of the animals to stress. Behavioural studies are being used increasingly in safety evaluation and in the assessment of animal welfare (e.g. Dawkins 1980 , Barclay et al. 1988 . Many of these studies involve some measure of the Correspondence to: G. D. Sales Accepted 15 February 1995 exploratory behaviour of the animals in novel environments such as a maze or open field arena. Recently there has been an increasing interest in ethological studies which involve monitoring behaviour in a situation where human interference is kept to a minimum. It has also been suggested that many aspects of the behavioural repertoire could be observed to advantage in the home cage (Scott 1992) .
Most studies involving home cage behaviour have concentrated on particular aspects of behaviour as measures of motivation or pain, e.g. locomotor activity. Draper 11967), however, argued that rat activity should be looked at from' a descriptive point of view' to determine a catalogue of units of behaviour which could be used in experimental studies. He observed male Sprague-Dawley rats in LaboratoryAnimals (1996) 30,13-21 their home cages in the late afternoon and late evening and compiled an inventory of behaviour patterns which he used in studies of food and water deprivation. Despite Draper's work, there still appears to be a lack of knowledge of the whole, normal behavioural repertoire of rats and mice in their home cages during the working day against which experimental studies could be planned. Many different variables, both internal and external to the animal, could influence behaviour in the home cage as well as the outcome of behavioural experiments IBlackman 1987) . The effects of some of these factors such as genetic strain and developmental and reproductive state have been well investigated and they are often taken into account in scientific studies, but other factors receive less attention and some appear to be ignored. For example diurnal variations in behaviour are known to occur; rats and mice are more active in the evening or during the night than during the day (Draper 1967 , Silverman 1986 . The activity appears to vary mainly with the lighting regime (Silverman 1986) , but this and the exact timing of the studies is not consistently stated in publications even though it could be important in comparisons between studies (Wollnik 1989) .
Standard procedures such as administration of substances and manual restraint can have marked effects on subsequent activity IBarclay et al. 1989) . The cleaning procedure not only physically disturbs the animals, it can also be accompanied by high levels of sound (Sales et al. 19921 ,but little appears to be known of the effects on behaviour of the cagecleaning regime or how long any effects may last. The present work represents the first stage of an investigation into the behaviour of laboratory rodents in their home cages and of the effect of standard procedures on behaviour. In this part of the study the behaviour of rats in their home cages was observed during different times of the working day and on different days of the working week.
Ideally the behaviour of the animals should be monitored continuously, but this can be very time consuming and/or expensive. Time sampling, recording behaviour over a limited time at present intervals, can be a very effective means of obtaining data on Saibaba et al. behaviour (Martin &. Bateson 1993) . This method has been used for laboratory animals (Draper 1967 ), but has mainly been used in field studies, particularly of primates (Altmann 1974 , Dunbar 1976 . Of the 2 different time sampling methods, instantaneous and one-zero (l/0J, instantaneous sampling can give a reasonable approximation of the 'amount' of behaviour (i.e. of both the frequency and the duration) if the sample interval is short relative to the duration of the behaviour pattern or to bouts of behaviour. It can therefore be used to estimate time budgets, particularly if results are averaged from a large number of individuals IPoysa 19911,but it is not suitable for recording brief or rare behaviour patterns (Martin &. Bateson 1993) . For these 1/0 sampling is necessary, but this tends to over-estimate the duration of behaviour patterns that are relatively long compared to the sample interval and to under-estimate the frequency of the behaviour (Martin &. Bateson 1993) . For these and other reasons the value of 1/0 time sampling has been questioned and some authors {e.g. Altmann 19741have stated that it should not be used. Martin and Bateson, however, argue that it is the only practicable sampling method for recording intermittent behaviour, that it is easy and reliable to use and that it does give a measure of the 'amount' of behaviour. Both instantaneous and 1/0 sampling methods were used in this study and were compared.
Materials and methods
Eight male, outbred Sprague-Dawley rats bred at King's College London were observed in this study. They were 3 months old and in the weight range 190-220 g at the beginning of the study. The rats were placed in individual cages (polypropylene, 45 x 28 x 20 cm with wire mesh tops) 2 weeks before the observations began. This was to make the behavioural observations easier and more accurate. The rats were kept in the normal animal rooms and subjected to standard animal house conditions: the light regime was 1OL-14D with lights on 08:00-18:00h, temperature was maintained between 19 and 24°C and the cages were cleaned out before 10:00 h twice a week. Sawdust with shredded paper was used as bedding material. Water and food (standard laboratory rodent diet B41, SDSI were available ad libitum.
The rats were observed both on days when the cages were cleaned and on days when they were not cleaned. The behaviour of each animal was monitored for 30 min during the morning between 10:00 and 12:00h and for 30 min during the afternoon between 14:00 and 16:00h. Morning observations were made immediately after cleaning on cage-cleaning days and at similar times on non-cleaning days. The cages to be observed were gently eased part-way out of the rack and the animals then given 30 min to acclimatize to the new position. Without video recordings of the behaviour in the absence of the observer, it is not possible to know if the animals acclimatized totally either to the cage movement or to the presence of the observer. After this time, however, they appeared to take no notice of the observer, e.g. they ceased to stand at the front of the cage. In addition the pilot studies were carried out in the same room to allow the animals to become familiar with the presence of an observer as well as to enable the observer to identify all the behaviour patterns that occurred and would be scored in the final observations.
A split design was used so that 4 animals were observed first on non-cleaning days and the other 4 were observed first on cleaning days. Half of these were observed in the morning first and half in the afternoon first. Each animal was observed on 4 different occasions in each of the 4 situations, i.e. cleaning day, morning and afternoon, and noncleaning day, morning and afternoon. This gave a total of 16 observations for each rat.
During the 30 min observation periods the behaviour was scored every 15 s on specially designed check sheets. The behaviour patterns scored were modified from Grant &. Macintosh (1963), Silverman (1986) and were based on pilot studies. These were:
1. Locomote: walk or run around the cage. 2. Sniff: sniff the cage, air or substrate, but with the nose above the sawdust. 3. Stand-upright: stand on hind legs in the centre of the cage. 4. Move whiskers: move the whiskers and sometimes the head while standing still. 5. Stand-stare: stand still with all 4 feet on the ground and apparently stare ahead. 6. Climb: on the bars of the cage or with the fore paws up on the walls of the cage. 7. Scratch paper: scratching the paper bedding. 8. Dig: scratch or dig in the sawdust. 9. Autogroom: self-groom the body fur, incuding lick paws if this was immediately followed by autogroom. 10. Lick paws: lick paws that was not followed by autogroom and which therefore appeared to be an independent behaviour pattern. 11. Sit: crouched in comer of the cage. 12. Feed: take food from the hopper andlor manipulate it with the mouth. 13. Drink: lick the water spout. 14. Defaecate.
Urination was included in the behaviour patterns listed on the check sheet but was never seen during the observations.
During each minute of observation the behaviour was scored by 1/0 sampling at 15 and 45 s intervals and by instantaneous sampling at 30 and 60 s intervals. Over the 30 min observation period this gave a total of 60 scores by each sampling method. Although all behaviour patterns were scored by both methods, the 1/0 scores were used for statistical comparisons between situations where the behaviour patterns were rarely seen in the pilot studies. These included Locomote, Sniff, Stand-upright, Feed, Drink, Defaecate and Move-whiskers. Instantaneous scores were used for statistical comparisons of all other behaviour patterns.
The resulting data did not have normal distributions and so non-parametric statistics were mainly used (Siegel &. Castellan 1988). The Kruskal-Wallis One Way Analysis of Variance was used to test for variations within the results obtained over the 4 days in each situation and by both sampling methods. No real significant differences were found between days and so the results were combined across the 4 days to give a single (meanl score per rat for each behaviour pattern in each of the 4 situations i.e. (60) non-cleaning day, morning and afternoon; cleaning day, morning and afternoon and by both sampling methods. These combined results were used in all further analyses.
To compare the overall picture of the occurrence of the various behaviour patterns given by the 2 sampling methods, the scores for each behaviour pattern seen in a particular situation were ranked separately for each . type of sampling and the ranks subjected to a Wilcoxon Matched Pairs Signed Ranks Test. Differences in the occurrence of individual behaviour patter:ns between the mornings and the afternoons and also between cleaning and non-cleaning days, as well as interactions between the two conditions were examined using a Two-Way Analysis of Variance on ranked data. This has been shown to be suitable for non-parametric data (Conover &. Iman 1981, Kramer & Schmidhammer 1992) . 
Results
Both sampling methods showed that the behaviour of the rats varied with time of day and with the cleaning regime (Figs 1 and 2) . In all situations a very common behaviour pattern was Autogroom which was ranked first or second by both sampling methods in each situation (Table 11- On non-cleaning days other behaviour patterns scoring highly in the mornings were Climb, Sit and Dig by instantaneous sampling and Lick-paws, Sniff and Climb by 1/0 sampling. In the afternoons of non-cleaning days the most prominent behaviour patterns by both sampling methods were Sit and Autogroom with Climb and Dig scoring highly on instantaneous sampling and Lickpaws and Sniff on 1/0 sampling. On noncleaning days differences between the morning and the afternoon scores reached significance for Locomote, Sniff, Stand-upright, Climb, and Move-whiskers, which were all more common in the morning than in the afternoon, and for Sit which, as stated above, was more common in the afternoon (Table 21. On cleaning days a different pattern of activity was seen. The highest 4 scores in the morning included Autogroom and Dig on both sampling methods. Climb and Dig were also scored highly by instantaneous sampling and Lick-paws and Sniff by 1/0 sampling.The afternoons of cleaning days were characterized by high scores for Autogroom, Climb and Dig by both sampling methods. Scratch paper also scored highly by instantaneous sampling and Lick-paws by 1/0 sampling. In contrast to non-cleaning days rats showed low scores for Sit during the afernoons of cleaning days. Differences between the mortling and the afternoon scores on cleaning days were significant for Locomote, Sniff, Stand-upright, Move-whiskers, Stand-stare, Climb and Defaecate ITable 2), which were all more common in the mornings than in the afternoons IFig 1 and 2). On instantaneous Table 1 Rank order of occurrence of behaviour patterns in the mornings and the afternoons and on non-cleaning and cleaning days as scored by instantaneous (IS) and by one-zero (1/0) sampling. Values given are the order of rank of the scores for the different behaviour patterns recorded in each situation i.e. ranks within a column. Equal scores are given the mean value of the shared ranks sampling Autogroom was scored more often in the afternoons than in the mornings but on 1/0 sampling it was recorded more often in the mornings (Table n Overall, therefore, activity tended to be higher during the mornings than in the afternoons. The differences in behaviour between the mornings and the afternoons for non-cleaning and cleaning days combined were significant for all behaviour patterns except Scratch-paper, Autogroom, Lick-paws and Feed (Table 2) .
The rats also showed more activity on cleaning days than on non-cleaning days. Scores for behaviour associated with movement and with exploration e.g. Locomote, Sniff, Stand-upright, Move-whiskers, Standstare, Climb and Scratch-paper, were generally higher in both the mornings and the afternoons on cleaning days than on noncleaning days /Figs 1 and 2) . Defaecate was also scored more highly on cleaning day. The scores for Sit, Drink and Feed, however, were lower on cleaning days. The diHerences in Saibaba et at behaviour between cleaning and non-cleaning days for the mornings and afternoons combined were significant for all behaviour patterns except Autogroom and Lick-paws / Table 2) .
Although the behaviour varied with both time of day and the cleaning regime, there was little interaction between these two effects (Table 21 . Significant interactions were found only for Stand-stare (F=SO.04;P<O.OOll Autogroom IF=13.S1;P<O.OOl) and Defaecate (F=lS.lS; P<O.OOl).
The two sampling methods resulted in some differences in the overall assessm~nt of behaviour. These can be seen in Table 1 and by comparing Figs 1 and 2. When 1/0 sampling was used every behaviour pattern was scored in each situation, but with instantaneous sampling, relatively rare or brief behaviour patterns such as Sniff, Movewhiskers and Defaecate were never scored and Feed was not scored during the mornings of cleaning days. Other behaviour patterns including Locomote, Stand-upright, Standstare, Lick-paws, and Drink obtained relatively low scores by instantaneous sampling when compared to their scores from 1/0 sampling. There were some differences therefore between the 2 sampling methods in the behaviour patterns recorded and their scores. This led to differences in the rank order of the scores in each situation but these were not significant.
Discussion
The results of both sampling techniques indicate that the behaviour of the rats was influenced both by the time of day and by the cleaning regime. The rats were more active in the mornings than in the afternoon, particularly on non-cleaning days and a range of behaviour patterns was observed in the mornings. The relatively high levels of activity of the rats on the mornings of noncleaning days was somewhat surprising. Rats, including laboratory rats, are generally believed to be nocturnal/Silverman 1986J and so might be expected to show little activity during the day, especially in the morning when they have probably been active overnight. It is possible that the arrival of staff and WilcoxonT. values given for comparison between pairs of situations. +n for statistical test less than 8 due to ties. F values are for two-wayANOVA on ranked data the general increase in noise levels that accompanies the beginning of the working day in animal facilities (Sales et al. 1992) disturb the animals and increase their activity. An increase in activity at the onset of the working day has recently been recorded for both laboratory rats and mice in animals kept individually (Saibaba et ai. in prep) .
Cleaning certainly appears to disturb the animals (Brain 1989 ) and in the present study it resulted in high levels of activity associated with investigation and with manipulating the bedding. An effect of cleaning on the activity of the rats might be expected immediately after the cleaning period when the olfactory, and possibly also the visual and tactile environments have been altered. The home cage would then no longer be entirely familiar and the limited degree of novelty could stimulate exploration. Here those effects . lasted well into the afternoon of the cleaning day, i.e. some hours after cleaning procedure had been completed. The effect of cleaning on activity was particularly marked in the afternoon, a time when the rats were relatively inactive on non-cleaning days. The increase in Defaecate seen during the afternoons of cleaning days may reflect the degree of disturbance that cleaning causes. Defaecation is used as an index of increased emotionality in open field studies although, as discussed above, the value of this measure alone has been questioned (Archer 1973) . However, its occurrence in the home cage does not appear to have been studied. Another unexpected feature of these results was the high scores for Autogroom. It was recorded by instantaneous sampling at 31 % of the 60 sample points in the mornings and 25 % of the sample points in the afternoons on non-cleaning days: on cleaning days the equivalent figures were 20% and 29% respectively (Fig 11. Using 1/0 sampling the morning and afternoon scores on non-cleanmg days represented 64 % and 50% of the sample intervals respectively and on cleaning days they represented 86% and 67% of the sample intervals. By contrast Draper (1967) recorded grooming in 6-19% of 15 s intervals during 25 min of observations on 100 day old rats carried out between 16:00 and 18:05 h using a 1/0 technique. Draper did not state the stage of the cleaning regime at which his observations were made. Such high levels of Autogroom in the present study could lead to the conclusion that in these rats Autogroom was being performed as a displacement activity as well as for normal body maintenance. There was no evidence, however, that the autogrooming was performed in a stereotypic manner.
Time sampling proved to be an effective means of comparing the behaviour of the rats in the different situations but both sampling methods were needed to obtain an adequate assessment of home cage behaviour as each method has its limitations. Instantaneous sampling failed to detect behaviour patterns such as Sniff and Defaecate and it resulted in such low scores for Feed, Drink and Locomote that statistical analysis would not have been possible. One-zero sampling, however, resulted in high scores over a range of behaviour patterns IFig 21 and so did not distinguish differences in the occurrence of the various patterns so readily. Despite these differences between the 2 sampling methods, there were no statistical differences between them in the resulting rank order of the different behaviour patterns scored by each method. It appears then that the 2 methods differ quantitatively rather than qualitatively in the assessment of behaviour, at least in the situation studied here. Saibaba et al. Low levels of Feeding and Drinking were scored by both sampling methods. Scores for Defaecation were also low though they did increase on cleaning days. Urination was not scored during this study. All of these behaviour patterns are probably more common during the dark phase of the light cycle when the animals are more active.
In this study the behaviour of the rats varied both with the time of day and with the cleaning regime. It is not clear how far the presence of the human observer influenced the results. It may, for example, have exacerbated the effects of cleaning. However, different people are often present within the animal house and most laboratory animals are likely to be subjected to their presence at some time on most days, even if only to check food and water. The animals studied here were kept individually as rats sometimes are in the animal house. It is possible that rats kept in groups may show different changes in behaviour with time of day and with cleaning regime, and there may also be variations both between the sexes and between different levels of a hierarchy where one exists. Rats are more active during the dark phase of the light cycle and so phase of the light cycle during which the studies are made may also affect the behaviour. This is one of several aspects of this work that is at present being investigated.
The results would appear to have relevance for many laboratory situations and so to have important implications for the scientific study of the behaviour of laboratory animals. If similar variations are found for other strains of rats and in other social situations, and indeed for other laboratory animals, any assessment of their behaviour, e.g. in response to potential stressors or to drugs, must take these sources of variance into account. Differences in behaviour between different experimental conditions could well be masked or enhanced if the experimental regime does not control for the factors studied here. This, particularly the control for the cleaning effects, does not appear to be the case in published studies. It seems possible that more careful standardization of such factors could lead to more uniformity in the behavioural responses of laboratory animals and so to greater validity of experimental results. This in turn could lead ultimately to a reduction in the numbers of animals used.
